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Studies of optical absorpt~on and luminescence were carried out 
on CdCI2-CdBr2:I solid solutions in the whole concentration range 
of CdBr2' Three emission bands appear in the region of 2.2 eV ( 
Y-emission), 2.5 eV (G-emission) and 3.4 eV (UV-emission). With 
increasing the concentration of CdBr 2 , the UV- and G-emission 
bands increase their intensities and shift their locations toward 
those in CdBr2:I, 3.35 eV and 2.52 eV respectively, whereas the 
Y-emission band, associated with CdCI 2 :I, diminishes its intensi-
ty gradually. It is proposed that the relaxed excitonic state ( 
RES) of cadmium halide crystals is well approximated with the ex-
[ 2+ -J4- -cited state of Cd X6 -complex molecular ions, where X is the 
Br- or CI- ion. The concentration and the temperature dependence 
of luminescence in the solid solutions are discussed with this 
model of the RES. 
1. Introduction 
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Intrinsic luminescence in cadmium halides, which are typical layer-
structure ionic crystals l ), cart be associated with radiative decay of 
relaxed excitonic states (RES) and is characterized by the constituent 
halogen ions 2 ). Thus it is meaningful to investigate the effects of 
other halogen ions doped in the host lattice on the RES. 
By doping dilute I--ions in CdBr 2 or CdCI 2 , additional absorption 
bands appear in the fundamental absorption edge of the host lattice, 
at 4.57 eV in CdBr 2 and at 5.03 and 5.44 eV in CdCI 2 3). Excitation in 
these absorption bands gives rise to one or two emission bands associ-
ated with the doped I--ions 4 ). In CdBr2:I appear two emission bands 
at 2.52 eV (dominant at LNT) and at 3.35 eV (dominant at LHeT); the 
ratio of their intensities is reversed as the temperature increases 
from LHeT to LNT. This type of luminescence is also observed in pure 
CdBr2' in which the 2.20 eV band is dominant at LNT and the 3.30 eV 
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band at LHeT. On the other hand, only one emission band is observed at 
2.21 eV in CdCIZ:I in the temperature range from LHeT to RT. This type 
of luminescence is also found in pure CdC1 2 at 2.23 eV and in CdC1 2 :Br 
at 2.65 eVe In the following, the former type of luminescence is re-
fered as CdBr2-type and the latter one as CdC1 2-type. 
In CdC12-CdBr2 solid solutions, as reported in the previous paper, 
three emission bands appear in the region of 2.2 eV (Y-emission), 2.5 
eV (G-emission) and 3.5 eV (UV-emission) by exciting crystals with 
light in the absorption bands due to CdBr2S), where Y- and UV-emission 
are CdBr2-type and G-emission is CdC1 2-type. With increasing the con-
tent of CdBr2' the UV- and Y-emission bands increase their intensities 
and shift their locatios toward those of intrinsic emission bands in 
pure CdBr2,whereas the G-emission band diminishes its intensity gradu-
ally. This system is disadvantageous, however, to elicit appropriate 
description of the RES from the above results because of different na-
ture of excitons associated with these two types of luminescence, G-
emission with Br--impurity excitons in CdC1 2 and Y- and UV-emission 
with bulk excitons of CdBr2. 
In this paper, optical absorption and luminescence due to I--ions in 
CdCI2-CdBr2 crystals were examined on purpose to get information about 
the relation between the RES and the host- or impurity-halogens. 
2. Experimental 
2.1. Samples 
Single crystals of CdCI2-CdBr2:I were grown from the melt using 
Stockbarger techniques. Special reagent-grade powders of CdCI 2 ·5/2H20, 
CdBr2·4H20 and CdI2 were used as raw material. These powders were de-
hydrated and dried up in vacuum previous to the crystalization process. 
Appropriate single crystals were available for all concentration range 
of CdBr2. Since the concentration of CdBr2 are not uniform in the 
crystal ingot, concentration check of CdBr2 in the mixtures was per-
formed for each measurement. In this paper, the concentration of CdBr2 
in solid solutions are represented by x in mole fraction. This method 
is the same as stated in the previous paperS) where concentrations of 
CdBr2 in CdC12-CdBr2 solid solutions were checked spectrophotometrical-
lye In each mixed host crystal, I--ions were doped with lxlO- 3 and 
lxlO- 2 mole fractions for absorption and emission measurements, respec-
tively. Concentrations of I--ions were not checked for crystals used 
in measurements. 
2.2. Measurements of Absorption 
Measurements of absorption spectra were carried out with a HITACHI-
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EPS-3T spectrophotometer. The direction of the light beam was parallel 
to the c-axis of the sample crystals. Single crystals used in each 
measurement were cleaved along the plane perpendicular to the c-axis 
and were mounted on the sample holder of copper. Single crystals were 
refrigerated to LNT by thermal conduction. Since absorption coeffi-
cient vary with the concentration of I-, the thickness of the crys-
tals were changed so as to get appropriate value of optical density. 
2.3. Measurements of Luminescence 
Experimental procedure is the same as mentioned in the previous re-
ports 2 ),6). The direction of the exciting light beam was parallel to 
the c-axis of the sample crystals and luminescence was observed in the 
direction perpendicular to this. The wavelength band pass of a grating 
monochromator was set at 60 A and 30 A for the measurements of emission 
and excitation spectra, respectively. 
3. Experimental Results 
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In Fig. 1 are shown emission 
spectra of CdBr2:I obtained at LHeT 
(solid curve) and at LNT (dashed 
curve) with excitation in the 4.57 
eV absorption band due to I -ions. 
Ratio of intensities of the 3.35 eV 
and the 2.52 eV bands is reversed 
at about 60 K (CdBr2-type)6). Fig. 1.5 2.0 2.5 3.0 3.5 
2 shows absorption (solid curve) 
and excitation (dashed curve) spec- Fig. 1 
tra for the 2.52 eV emission of 
CdBr2:I. The absorption band at 
4.57 eV is due to I--ions doped and 
abrupt rise of absorption at about 
4.7 eV corresponds to the funda-
mental absorption edge of CdBri~ 
Fig. 2 Excitation spectra (dashed 
curve) of CdBr2:I for the 
2.52 eV emission measured at 
LNT and absorption spectrum 
(solid curve) of CdBr2:I. 
The absorption band at 4.57 
eV in the spectrum is due to 
I--ions and abrupt rise of 
absorption near 4.7 eV cor-
responds to the fundamental 
absorption edge of CdBr 2 • 
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Emission spectra of CdBr 2:I measur-
ed at LHeT (solid curve) and LNT ( 
dashed curve). UV-light of the 
4.57 eV absorption band due to I--
ions is used for excitation of the 
crystals. Intensity of each spec-
trum is normalized as unity at the 
intensity maximum. 
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It is obvious in this figure that 
although the 2.52 eV emission is 
stimulated in the absorption re-
gions of the host lattice to some 
extent owing to energy transfer by 
excitons, it is rather stimulated 
dominantly around the maxima of 
the 4.57 eV absorption band. The 
excitation spectrum for the 3.35 eV 
emission at LHeT was similar to 
that for the 2.52 eV emission at 
LNT. 
Fig. 3 shows the emission spec-
tra of CdC1 2 :I obtained at LHeT ( 
solid curve) and at LNT (dashed 
curve). Excitation was made with 
5.03 eV ultraviolet light which 
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Fig. 3 Emission spectra of CdC12:1 mea-
sured at LHeT (solid curve) and 
LNT (dashed curve). UV-light of 
the 5.03 eV absorption band due to 
I--ions is used for excitation of 
the crystals. Intensity of each 
spectrum is normalized as unity at 
the intensity maximum. 
belong to the absorption band 
of I. There is only an emis-
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dence (CdC12-type). In Fig. 4 ~~ 
are shown the excitation spec- ~~ 
trum (dashed curve) for 2.21 eV-~ 
emission (LNT) togather with 
absorption spectrum (solid 
curve) of CdC12: r. Abrupt rise Fig. 4 
of absorption at about 5.8 eV 
shows the fundamental absorp-
tion edge of CdC1 2 3 ). By dop-
ing r--ions in CdC12, two ad-
ditional absorption bands ap-
pear at 5.03 and 5.44 eV which 
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Excitation spectrum for 2.60 eV emis-
sion of CdC12:1 (dashed curve) and ab-
sorption spectrum of CdC12 :1 (solid 
curve) measured at LNT. Abrupt rise of 
absorption near 5.8 eV shows the funda-
mental absorption edge of CdC~. Ab-
sorption bands of 5.03 eV and 5.44 eV 
are due to I--ions and are supposed to 
be halogen doublets. 
attributed to halogen doublets 3 ). The 2.21 eV emission is intensely 
stimulated around the maxima of these absorption bands. The excitation 
spectrum for 2.21 eV emission at LHeT act similarly to that at LNT. 
Absorption and emission spectra due to I--ions in CdC12-CdBr2 solid 
solutions were measured to investigate the influence of host halogens 
on the RES associated with the doped I--ions. In Fig. 5 are shown the 
absorption spectra of CdC12-CdBr2:I measured at LNT. In the figure, 
absorption coefficients of each spectrum are normalized as unity at the 
maximum of the I absorption band 
and the values of the concentration 
of CdBr2, x, are checked ones. As x 
increases, the absorption band due 
to I--ions shifts toward the low 
energy side from the location in 
CdCI2:I and finally arrives at the 
location in CdBr2:I. 
Luminescence of CdC12-CdBr2:I 
were measured by exciting the sam-
ples with the light in the absorp-
tion bands of I--ions in Fig. 5 
corresponding to the respective 
values of x. Results are shown in 
Fig. 6. Fig. 6 (A) shows emission 
spectra obtained at LHeT. In this 
figure, each spectrum are normaliz-
ed so as the area under the spec-
trum is equal to each other and the 
values of x are checked ones. With 
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Cd CI2(1*X)-
Cd 81200:1 
0.30 
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4.0 increasing x, the Y-emission band 
decreases its intensity and shifts 
toward the low energy side, while Fig. 5 
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Absorption spectra of CdCl2-CdBr2:1 
measured at LNT. Absorption coef-
ficients of each spectrum are nor-
malized as unity at the maximum of 
the I--absorption bands and the 
values of the concentration of 
CdBr 2, x, are checked ones. 
the G-emission band grows instead 
of it. With further increase of x, 
the UV-emission band grows rapidly 
while the Y- and G-emission bands 
become faint. Intensity ratio of 
the UV- to the G- or Y-emission bands increases with x, which corre-
sponds to the change of the nature of these luminescence from CdCI2- to 
CdBr2-types with increasing x. At LNT, the Y- and G-emission bands ex-
change their intensities gradually with each other as shown in Fig. 6 ( 
B) • 
In Fig. 7 are shown the excitation spectra for the emission of 
CdCI2-CdBr2:I measured at LNT. Intensities of luminescence at the max-
imum of each emission spectrum in Fig. 6 (B) are recorded vs. photon 
energies of exciting light. In this figure, the values of x are the 
same with those in Fig. 6 and arrowS show the positions of absorption 
bands associated with I--ions. It is found in this figure that each 
emission is intensely stimulated around the maxima of each I absorp-
tion bands. Excitation spectra at LHeT act similarly to those at LNT. 
42 
lIJ 
U 
Z 
lIJ 
U 
(/) 
I.LJ 
Z 
~ 
::J 
-' 
LL. 
0 
> 
.... 
-(/) 
Z 
lIJ 
.... 
Z 
1.5 
EMISSION Cd ClzU-x)-Cd BrZ(X): I (A) 
LNT Y G 
a 
x (mol frac.) 
a a 
b - - - 0.30 
c ---0.50 
d - - - 0.74 
e - - - 0.92 
f - - - 1.00 
2D 2.5 3.0 3.5 
PHOTON ENERGY (~V) 
(B) 
4.0 
Fig. 6 Emission spectra due to r--ions in 
CdC12-CdBr2:1 obtained at LHeT (A) and at LNT 
(B). Each spectrum is normalized so as the 
area under the spectrum is equal to each other 
and the values of x are checked ones. Crystals 
are excited with UV-light in the absorption 
bands of I--ions. 
4. Discussion 
As shown in Fig. 6, three emission bands are observed in CdCI2-CdBr2 
:1 systems with excitation in the 1--absorption bands, namely, the Y-, 
G- and UV-emission bands. The Y-emission band is dominant in crystals 
of the small concentration of CdBr2, x, and associated with that in 
CdCI2:I. On the other hand, the G- and UV-emission bands are dominant 
in the case of large x and associated with those in CdBr2:I. Thus, the 
change in the emission spectra with x in the present systems is regard-
ed as alternation of the emission bands of CdCI2 :1 and of CdBr2:I. But 
this change is not the result of local segregation of CdBr2 from CdCl2 
since the temperature dependence of the G- and UV-emission bands gradu-
ally changes from the CdCl2 - to CdBr2 -type with increase of x as is rec-
ognized by comparing Fig. 6 (A) 
with Fig. 6 (B). 
Similar behaviors of lumines-
cence have been also observed in 
CdCI2-CdBr2 solid solutions S), 
where the G-emission band associ-
ated with that of CdCI2:Br is dom-
inant in the case of small concen-
tration of CdBr2, x, and the Y-
and UV-emission bands associated 
with the intrinsic emission bands 
of CdBr2 become dominant in the 
case of large x. The temperature 
dependence of the Y- and UV-emis-
sion bands gradually change from 
the CdCI2- to CdBr2-type with in-
crease of x as in the case of 
present system described above. 
These dependence of lumines-
cence in the mixed crystals on 
the concentration x indicate that 
the constituent halogens of the 
solid solutions, Br-and CI-, have 
important influences on the 
nature of luminescence and that 
several h~logen ions should be as-
sociated with the RES in the cad-
mium halide crystals both pure and 
mixed halides. 
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Fig. 7 Excitation spectra for the emis-
sion of CdC12-CdBr2:I measured 
at LNT. Intensities of lumines-
cence at the maximum of each 
emission band in Fig. 6 (B) are 
recorded vs. photon energies of 
exciting light. The values of 
x are the same with those in 
Fig. 6 and arrows indicate the 
positions of absorption bands 
associated with I--ions. 
Generally in insulating crystals, an effective mass of a hole is 
larger than that of an electron and the self-trapping of excitons is 
ca'used mainly by that of holes. Thus the RES is regarded as the state 
of the self-trapped hole attracting an excited electron around it. In 
the cadmium halide crystals, holes of excitons are supposed to be trap-
ped around the Cd 2+-ion sites for the following reason. The 4d levels 
of Cd 2+-ions locate slightly below the top of the valence band which is 
mainly composed of 3p (or 4p) orbitals of Cl-- (or Br--) ions 7 ). By 
the local distortion of the lattice caused by the creation of an exci-
ton, this 4d level may become higher than the 3p (or 4p) level and the 
hole of the exciton may be trapped stably in this level of the Cd 2+_ 
ion. 
Taking into consideration both the experimental results obtained in 
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Fig. 8 Schematic energy diagram of the (Cd2+x6)4--
complex molecular ion (X- = Cl-, Br-). In 
the left side of this figure, the exciton-
ic states are shown in arbitrary positions. 
In the right side are drawn the excited and 
ground states of the complex ions so as the 
positions of the T1u' T1g and Eg states rel-
ative to the A1g state correspond to the 
energies of the UV-, G- and Y-emission 
bands, respectively. 
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the cadmium halide solid solutions and the above described speculations 
about the RES, the excited states of [Cd 2+X6J 4--complex molecular ions 
can be proposed as a model for the RES in CdClZ ?r CdBrZ (X- = Cl- or 
Br-). In Fig. 8, a schematic energy diagram of a complex molecular ion 
is shown in the case of 0h symmetry approximation. In this figure, the 
symbols of (np, 55) and (4d, 55) indicate the excitonic states composed 
of a 3p (or 4p) hole on Cl- (or Br-) and a 55 electron on Cd 2+ and of a 
4d hole and a 55 electron on Cd 2+, respectively, in the exciton scheme. 
The distances from the excited states, namely Eg , Ti g and TI u , to the 
ground state Aig correspond to the energies of the Y-, G- and UV-emis-
sion bands, respectively. This assignment of each transition associat-
ed with the Y-, G- and UV-emission is in fairly good agreement with the 
results obtained from studies on the radiative decay time of each emis-
sion which will be reported in another paper 9 ). The UV-emission in 
CdBr2 and CdBr2:I corresponds to the allowed transition, T1u~ A1g' the 
G-emission in CdBr2:I and CdC1 2 :Br or the Y-emission in CdC1 2 :I to the 
parity forbidden transition, Ti g ~ Ai g or Eg ~ A1g' partially allowed 
by the static deformation due to the presence of impurity halogens and 
the Y-emission in CdBr2 and CdC12 to the parity forbidden transition, 
Eg + AI g , partially allowed by the odd parity lattice vibration. 
As mentioned in the previous paper 3 ),s), the (np, 55) excitons are 
created by the optical absorption of UV-light. Thus it is reasonable 
to expect that the Tl u state is populated by the excitation with UV-
light producing the UV-emission band at low temperature. In CdBr2 and 
CdBr2:I, dominant UV-emission below 60 K can be explained by the above 
described process, whereas the intense Y- or G-emission above 60 K can 
be elucidated by the two successive processes: the nonradiative decay 
process of T1u state to T1g or Eg by thermal activation and subsequent 
radiative transition from Ti g or Eg state to A1g corresponding to the 
y- or G-emission respectively. This gives the CdBr2-type of lumines-
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cence. On the other hand, the Tl u state is supposed not to be stable 
even at LHeT in CdC1 2 , CdC1 2 :Br and CdC1 2 :I and the UV-emission does 
not appear in these systems. This gives the temperature dependence of 
luminescence of the CdC1 2-type. It should be noted here that the dif-
ference between the CdC1 2- and CdBr 2-type arises from the difference of 
the host halogens. 
The increase of the intensity of the UV-emission with x in the pres-
ent system of CdC1 2-CdBr 2 :I can be explained in terms of the distribu-
tion number N of Br--ions around the Cd 2+-ion in the complex ion, that 
is, in the case of small x, the number of complex ions with large N is 
small and the UV-emission is weak. With increase of x, the number of 
complex ions with large N increases and the UV-emission become strong. 
5. Conclusion 
1) The RES in cadmium halide crystals can be approximated with the 
excited state of [Cd 2+X6J4--comPlex molecular ions, where X- is Cl or 
Br- ions. 
2) In the mixed crystals, CdC12-CdBr2:I, the kind of the observed 
emission bands (Y, G and UV) and the type of the temperature dependence 
(CdC1 2- or CdBr 2-type) are determined by the distribution number of Cl 
or Br- in the complex ions. The impurity I--ions give the static de-
formation which partially destroys the parity forbidden associated with 
the Y- and G-emission. 
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